The aim of the present work was to study the effects of tannins from carob (CT; Ceratonia siliqua), acacia leaves (AT; Acacia cyanophylla) and quebracho (QT; Schinopsis lorentzii) on ruminal biohydrogenation in vitro. The tannins extracted from CT, AT and QT were incubated for 12 h in glass syringes in cow buffered ruminal fluid (BRF) with hay or hay plus concentrate as a substrate. Within each feed, three concentrations of tannins were used (0·0, 0·6 and 1·0 mg/ml BRF). The branched-chain volatile fatty acids, the branched-chain fatty acids and the microbial protein concentration were reduced (P,0·05) by tannins. In the tannin-containing fermenters, vaccenic acid was accumulated (þ 23 %, P,0·01) while stearic acid was reduced (216 %, P,0·0005). The concentration of total conjugated linoleic acid (CLA) isomers in the BRF was not affected by tannins. The assay on linoleic acid isomerase (LA-I) showed that the enzyme activity (nmol CLA produced/min per mg protein) was unaffected by the inclusion of tannins in the fermenters. However, the CLA produced by LA-I (nmol/ml per min) was lower in the presence of tannins. These results suggest that tannins reduce ruminal biohydrogenation through the inhibition of the activity of ruminal micro-organisms.
In recent years, research has focused on the fatty acid composition of ruminant products for the effects of their consumption on human health. In particular, cis-9,trans-11-C18 : 2 (conjugated linoleic acid, CLA) is active in the prevention of cancer (1) and atherosclerosis in mammals (2) . CLA is partially synthesised in the rumen by cellulolytic bacteria, and mainly by Butyrivibrio spp. (3) , during the biohydrogenation of linoleic acid (cis-9,cis-12-C18 : 2, LA). However, the largest proportion of CLA present in meat and milk is endogenously produced in the tissues by the action of the enzyme D
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-desaturase on vaccenic acid (trans-11-C18 : 1, VA) (4, 5) , which is another product of the ruminal biohydrogenation of LA and linolenic acid (cis-9,cis-12,cis-15-C18 : 3, LNA) (6) . Recently, Vasta et al. (7) analysed the intramuscular fatty acid composition of lambs fed a diet containing tannins from carob (CT; Ceratonia siliqua) pulp. They noted that the meat from lambs receiving the tanniniferous diet contained lower amounts of CLA and VA when compared with the meat from those that received the same diet but with the supplementation of polyethylene glycol (PEG), a tannin-inactivating agent (8) . Vasta et al. (7) suggested that, perhaps, dietary tannins had inhibited the activity of ruminal micro-organisms responsible for the biohydrogenation. It is widely known and accepted that tannins are able to bind proteins (9) and inhibit the growth of ruminal bacteria (10) .
The objectives of the present study were to verify whether the tannins from three different sources (CT; acacia, AT; Acacia cyanophylla; quebracho, QT; Schinopsis lorentzii) inhibit the ruminal biohydrogenation in vitro and whether there is a dose-dependent effect of tannins.
Materials and methods

Optimisation of linoleic acid isomerase assay
Linoleic acid isomerase (LA-I) is the enzyme responsible for the conversion of LA to CLA (3) . So far, the activity of LA-I has been studied only with pure bacterial strains (3,11 -16) . Therefore, before conducting the main experiment, we have optimised the method for measuring the LA-I activity in the whole ruminal fluid in order to operate in the conditions of linearity of this assay.
Ruminal content was collected before the morning feeding from one fistulated cow and filtered through two layers of cheesecloth to eliminate raw feed particles. The cow was fed a diet containing 2 kg of concentrate mixture and offered ad libitum roughage, with free access to drinking-water. The concentrate mixture comprised (in g/kg) rapeseed cake (360), maize (200), wheat (200), molasses (200) and vitamin and mineral mixtures (40) . The filtered fluid was centrifuged at 20 000 g (20 min at 48C), and the pellet was then washed with 0·05 M-potassium phosphate buffer (pH 6·8). The washed pellet was then suspended in 3 ml of 0·05 M-potassium phosphate buffer (pH 6·8) and sonicated for three cycles of 60 s each, with 90 s of intervals between each cycle. The power of the sonicator (Vibra Cell, Bioblock Scientific, Illkirch, France) was set to 240 W and the vessel containing the suspended pellet was kept on an ice-bath to keep the temperature of the medium below 48C. Initially, for the setting up of this method, the cellular membranes (insoluble particulate fraction) obtained after centrifugation (20 000 g for 20 min) were discarded and the soluble endocellular fraction was used for the assay, as described in earlier studies with pure bacterial strains (3, 12, 13) . In a second assay, the sonicated pellet (subsequently addressed as whole-cell extract, WCE), containing both microbial cell membranes (insoluble particulate fraction) and endocellular organules, was used for testing the activity of LA-I. The WCE was kept at 2 808C until the determination of the enzyme activity. The protein content of the WCE was determined according to Lowry's method (17) . In a third assay (to countercheck the necessity of the presence of the insoluble particulate fraction), the insoluble particulate fraction was separated from the endocellular fraction by centrifuging at 20 000 g (20 min at 48C) and the assay (illustrated later) was repeated first on the latter fraction only and successively on the same endocellular extract re-added to its cell-insoluble particulate fraction (reconstituted WCE).
Pure LA was dissolved in 1,3-propanediol by 60 s exposure to sonic oscillation (240 W) to obtain the stock solution of LA (0·72 mM) used as a substrate for the enzyme assay. The stock solution was stored at 2 808C until needed. For the enzyme assay, we tested three volumes of the WCE (40, 60 and 80 ml, containing, respectively, 104, 156 and 208 mg proteins), and for each volume of the extract the incubation time was 2, 4 and 6 min. The reaction was started by adding 100 ml LA stock solution to a glass tube containing the WCE, 300 ml of 1,3-propanediol and the 0·1 M-potassium phosphate buffer (pH 7·0), to give a total assay volume of 2·0 ml. After 2, 4 or 6 min of incubation at 258C, the reaction was stopped by adding 2·5 ml of 2·0 N isopropanol -isooctane -H 2 SO 4 (40:10:1, v/v/v). Then, 1·0 ml of isooctane and 1·0 ml of distilled water were added. The reaction mixture was mixed thoroughly by vortexing for 1 min and the isooctane layer containing fatty acids was collected. The absorbance of the isooctane layer was recorded at 233 nm wavelength (l max of conjugated diene bonds (18) ) by a spectrophotometer. The absorption of CLA was read against a blank, in which LA was added after the isopropanol -isooctane -H 2 SO 4 solution. An extinction coefficient of 2·4 £ 10 4 M/cm was used (3) . Therefore, it may be noted that all the comments made in the present study refer to the unspecific formation of CLA.
Tannins extraction
Tannins from CT, AT and QT were extracted with aqueous acetone 70 % (v/v) and purified using Sephadex LH-20 (Sigma, St Louis, MO, USA), as described by Makkar & Becker (19) . Tannins were added into the syringes as dissolved in a water solution, freshly prepared in the morning just before starting the incubations. In order to enhance the solubilisation of tannins in distilled water, the solutions were sonicated for 15 min at room temperature in a sonication bath.
In vitro incubations with ruminal fluid
The rumen liquor from one rumen-fistulated non-lactating Friesian-Holstein cow was collected manually by squeezing the feed material into pre-warmed (approximately 398C) thermos flasks. The cow was maintained on a diet containing 2 kg of concentrate mixture and fed ad libitum roughage, with free access to drinking-water. The concentrate mixture (in g/kg) comprised rapeseed cake (360), maize (200), wheat (200), molasses (200) and vitamin and mineral mixtures (40) . The rumen liquor was collected from the cow just before the morning feeding and transported in warm (approximately 398C) insulated flasks, strained through two layers of cheesecloth and used as the source of inoculum. Strained ruminal fluid was added to an in vitro incubation medium, according to Menke et al. (20) , in a proportion of 1:2 (v/v), under constant CO 2 flux. In each graduated 100 ml capacity glass syringe, 190 mg DM of hay (H) or hay plus concentrate (H þ C, being the two feeds in a proportion of 1:1 on a DM basis) were incubated with 30 ml of the in vitro medium containing strained ruminal fluid. The ingredients of the concentrate were as follows: barley (470 g/kg); wheat bran (350 g/kg); soyabean meal (150 g/kg); mineral premix (30 g/kg); soyabean oil (1 g/kg). For each tannin source, the tannin solution was added at two different levels (0·6 and 1·0 mg/ml of buffered ruminal fluid, BRF) into the syringes containing H or H þ C. For each type of tannin and at each concentration, two replicates were run. The control syringes, containing either H (n 3) or H þ C (n 3), were tannin free. All the syringes were incubated in a water-bath set to 398C. At time 0 and 12 h, the position of the piston on each syringe was recorded for net gas production measurement. During the first 6 h and the following 6 h of incubation, the syringes were gently shaken every 2 and 3 h, respectively. After 12 h incubation, the syringe content was immediately handled for the following analyses.
Extraction of fatty acids
The extraction of fatty acids was performed as described by Wa˛sowska et al. (12) . Briefly, 2·4 ml of the syringe content was mixed with 1·5 ml of acidified salt solution (17 mMNaCl in 1 mM-H 2 SO 4 ). An aliquot of 200 ml of heptadecanoic acid in methanol (200 mM) was added as an internal standard, followed by 5·0 ml of methanol, and the mixture was vortexed for 1 min. Then, 5·0 ml of chloroform containing 0·2 mg/ml butylated hydroxytoluene was added and the mixture was vortexed again for 2 min. The upper layer was removed by aspiration. The lower layer was dried by passing through anhydrous sodium sulphate, and the solvent was removed by fluxing nitrogen for 20 min. The dried lipid extract was suspended in toluene and stored at 2 308C until methylation. Extracted fatty acids were converted to fatty acid methyl esters by the addition of 2 ml of 0·5 M-sodium methoxide (10 min at 508C) and 3 ml of 5 % methanolic HCl (v/v; 10 min at 808C), as described by Kramer et al. (21) . Methyl esters were separated by using a GC 8000 TOP gas chromatograph (Thermo Fisher Scientific Inc., Milan, Italy) fitted with a fused silica capillary column (WCOT Select fatty acid methyl esters, 100 m £ 0·25 mm internal diameter, £ 0·2 mm film thickness; Varian Inc., Middelburg, The Netherlands). Helium was used as a carrier gas. The injector temperature was 2708C, while the detector temperature was 3008C, and the split ratio was 80:1. The oven temperature was 608C for 5 min, increased by 158C/min to 1708C, for 44 min, increased by 18C/min to 2028C, for 1 min, and increased by 38C/min to 2308C, for 9 min. The identification of 18 : 1 and CLA isomers was based on commercial standard mixtures (Supelco, Bellefonte PA, USA) and published isomeric profiles (22) .
Feed analyses
Feed used as a substrate for the incubations were analysed for fibre fractions (23) , crude protein (AOAC, 1995; method 984.13) (24) , diethyl ether extract (AOAC, 1995; method 39.1.05) (24) and ash (AOAC, 1995; method 942.04) (24) .
Linoleic acid isomerase assay and volatile fatty acid
For testing the effects of tannins on the LA-I activity and volatile fatty acid (VFA) production, 18·0 ml of the syringe content were centrifuged at 20 000 g for 20 min at 48C. An aliquot of the supernatant (2·0 ml) was collected for the VFA analysis. Then, an aliquot of this solution was sonicated to obtain the WCE for the LA-I assay. Also, 2·0 ml of the WCE were centrifuged (20 000 g for 15 min at 48C) and the supernatant was used for protein determination, according to the method described by Lowry et al. (17) . This protein content was termed as microbial protein. The WCE was stored at 2808C until the LA-I assay, which was conducted using 60 ml of the WCE, 300 ml of 1,3-propanediol, and 1540 ml of 0·1 M-potassium phosphate buffer (pH 7·0). The reaction was started by the addition of 100 ml of a solution of 0·72 mM-LA in 1,3-propanediol and stopped after 4 min of incubation at room temperature. For each syringe, the assay was run in triplicate.
Statistical analysis
The data were analysed by a two-way ANOVA with a model including two types of feed (H or H þ C), three levels of concentration of tannins in the fermenters (0·0, 0·6 and 1·0 mg/ml BRF) and the interaction between the type of feed and the level of concentration. When the interaction was not significant (P.0·05), it was excluded from the model. A second two-way ANOVA with a model including two types of feed (H or H þ C) and three types of tannin source (CT, AT and QT) was then applied only for those fermenters containing tannins (i.e. 0·6 and 1·0 mg/ml of the in vitro system). The interaction between the two factors (type of feed £ type of tannin source) was included in the model when it was significant (P,0·05). For both analyses, when the ANOVA was significant (P,0·05), the differences between means were separated using pairwise Tukey's comparison test. The data were analysed by the software MINITAB version 14.0.
Results
Optimisation of the linoleic acid isomerase assay
When the LA-I activity was measured on the sole soluble endocellular fraction, no increase in the absorption at 233 nm was observed. Conversely, when the WCE was used for the assay, we observed the enzymatic activity. To confirm these observations, the assay was repeated using the endocellular fraction only and no increase in the absorption at 233 nm was observed. However, when the insoluble particulate fraction was added to the endocellular fraction, an increase in the absorption at 233 nm was recorded. The production of CLA increased proportionally by the increase in the WCE (40, 60 or 80 ml; ( Fig. 1(A) ). When 40 ml of the WCE (which contained 0·104 mg protein) and a short incubation time (2 min) were used, the specific activity of LA-I was not reproducible ( Fig. 1(B) ). 
Feed composition
Feed used as the substrates of the fermentation are shown in Table 1 . H had a higher content of neutral-detergent fibre (613 v. 234 g/kg DM) and of diethyl ether extract (25 v. 18 g/kg DM) when compared with the concentrate (Table 1) . Lauric acid (12 : 0), a-linolenic (18 : 3n-3) and g-LNA (18 : 3n-6) were present at higher percentages in the H diet when compared with the H þ C diet. The H þ C feed contained higher amounts of stearic acid (18 : 0, SA; þ43 %), oleic acid (18 : 1; þ 88 %) and LA (18 : 2n-6; þ 65 %) when compared with the H diet ( Table 2) .
Net production of gas and volatile fatty acid and microbial protein synthesis
Before starting this experiment, we performed another fermentation using the same experimental conditions as in the present study. In the pilot study, we observed that up to 12 h of fermentation, the inclusion of tannins reduced the gas production, while in the following 12 h this effect was not observed, suggesting that tannins had major effects on the fermentation within 12 h of incubation. Therefore, we have chosen to run the fermentation over a period of 12 h. The net production of gas in the syringes after 12 h of fermentation was higher (P, 0·0005) in the fermenters containing H þ C as a substrate when compared with the syringes incubated with H (43·3 v. 30·7 ml, respectively). No tannin dose -response effect was observed on the net gas production (Table 3) . However, the gas produced in the syringes containing CT or AT was significantly (P, 0·0005) lower compared with that in the syringes incubated with tannins from QT ( Table 4) .
The VFA, iso-butyrate, butyrate and valerate were found at a higher concentration (P, 0·05) in the syringes incubated with H þ C when compared with those incubated with H ( Table 3 ). The presence of tannins decreased the production of iso-butyrate, iso-valerate and valerate (P, 0·005) when compared with the tannin-free syringes. Also, the VFA production was not significantly affected by the different types of tannins used in the fermenters (Table 4) .
The microbial protein concentration was higher (P¼0·002) in the fermenters incubated with H þ C than with H. When tannins were present at 1·0 mg/ml of the BRF, the concentration of soluble proteins was lower (P¼0·014) compared with the tannin-free syringes (1·98 v. 2·44 mg/ml, respectively), while with 0·6 mg/ml of tannins, the microbial protein concentration was not different (P.0·05) when compared with the control fermenters. When the effect of the source of tannins was tested, it was found that the microbial protein concentration was lower in the fermenters incubated with CT, while QT tannins seemed not to affect the microbial protein concentration.
Fatty acid profile Table 5 shows the effect of the feed and concentration of tannins on the fatty acid profile of the fermented ruminal digesta. The syringes incubated with H contained higher amounts of 12 : 0, 14 : 0, trans-11,cis-15-C18 : 2 and 18 : 3n-6 and lower amounts of 18 : 0 and 18 : 2n-6 when compared with the syringes incubated with H þ C (P, 0·05). When the fermenters contained 1·0 mg/ml of tannins, the concentrations of 15 : 0 iso-, 15 : 0 anteiso-, 16 : 0 iso-, 17 : 0 and 17 : 0 anteiso-fatty acids were significantly lower (P, 0·005), compared with the control syringes that did not contain tannins. In particular, when H was used as a substrate, 15 : 0 iso and 15 : 0 anteiso were reduced (P, 0·05) by 2-fold and 16 : 0 iso was reduced (P, 0·05) by 3-fold by the addition of 1·0 mg/ml tannins, compared with the systems containing 0·6 or 0·0 mg/ml tannins. These results could not be observed in the fermenters incubated with H þ C. Among the eighteen carbon fatty acids, SA was found at significantly higher (P, 0·0005) amounts in the syringes containing 0·0 and 0·6 mg/ml tannins compared with the 1·0 mg/ml fermenters (respectively, 30·1 and 30·7 v. 25·3 mg/100 mg total fatty acids). At 0·6 mg/ml tannins, VA (trans-11-C18 : 1) was 1·4-fold higher compared with that in the tannin-free syringes (P,0·05), while at 1·0 mg/ml, VA acid was intermediate when compared with the tanninfree fermenters and those containing 0·6 mg/ml tannins. The trans-11,cis-15-C18 : 2 and 18 : 3n-3 were lowered (P¼0·026 and 0·001, respectively) by the incubation with tannins at a level of 1·0 mg/ml compared with 0·6 mg/ml, while the amounts of these fatty acids found in the control syringes were intermediate compared with the tannin-containing fermenters. Among the CLA, the isomer cis-11,trans-13 was present at significantly (P¼0·015) lower levels in the syringes containing tannins when compared with the control syringes, while the isomer trans-10,cis-12-C18 : 2 was reduced (P¼0·015) when tannins in the syringes amounted to 1·0 mg/ml when compared with the fermenters not containing tannins (0·099 v. 0·169 mg/100 mg total fatty acids, respectively). The isomers cis-9,trans-11, trans-7,cis-9 and cis-8,trans-10 of CLA (which co-eluted) were not affected by the presence of tannins in the fermenters. As shown in Table  6 , the fatty acid profile of the fermented ruminal fluid was not influenced by the type of tannins included in the syringes.
Effects of tannins on the linoleic acid isomerase activity
The production of CLA by LA-I was almost doubled (P,0·05) using H as feed in the fermenters compared with H þ C (2·7 v. 1·5 nmol/ml per min, respectively), and this result was displayed in tendency (P¼0·083) when only the tannin-containing syringes were considered (5·23 v. 2·05 nmol/ml per min, respectively). Fig. 2 shows the production of CLA (nmol/ml per min) by the enzyme LA-I as affected by tannins. When rumen fluid was incubated with tannins, at either 0·6 or 1·0 mg/ml, the CLA produced were significantly lower (P,0·05) when compared with the control syringes. However, compared with the control syringes, the specific activity of LA-I (nmol CLA produced/min per mg protein) was unaffected (P. 0·05) by the inclusion of tannins in the fermenters, but it was higher (P¼0·024) in the fermenters incubated with H (5·73 nmol/mg protein per min) when compared with H þ C (2·67 nmol/mg protein per min) (data not shown). As observed for the whole fatty acid profile, the diverse sources of tannins did not affect the production of CLA by LA-I.
Discussion
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both the cell-free extract and the insoluble particulate fraction compared with when only the soluble endocellular fraction was incubated. In a study on the biohydrogenation of unsaturated fatty acids by Treponema, it has been reported that the addition of the cell-insoluble particulate fraction to the enzyme preparation obtained by purification through Sephadex G-25 and G-200 did not affect the LA-I activity (13) . In another study (26) , it had been found that the addition of boiled ruminal fluid to a reaction mixture of pure ruminal bacterial strains enhanced the LA-I activity. In agreement with Polan et al. (26) , the present results suggest that some cofactor(s) present in the insoluble particulate fraction or in the ruminal fluid play a key role in the reaction. Fig. 1(B) shows that at 4 and 6 min of incubation and using 40 and 60 ml of the WCE, the LA-I activity can be measured in a reliable way in the ruminal liquor. Therefore, from these data, the operative condition for this assay at 258C should be a volume of the WCE between 40 and 60 ml (corresponding to an amount of protein ranging from 0·105 to 0·150 mg) with an incubation time between 4 and 6 min.
The effects of tannins on in vitro gas production, protein and DM digestibility have been largely investigated (27, 28) . However, so far, the biohydrogenation of fatty acids in the rumen as affected by tannins has not been studied. Only few in vivo experiments have focused on the effects of tannins from CT pods (7) or sulla (Hedysarum coronarium) (29) on the intramuscular fatty acid composition of lambs, but in these studies, the ruminal fatty acid metabolism was not investigated. When we planned the present study, we decided to evaluate the effects of tannins from AT and CT pods because they are commonly used as feed in small ruminant diets in several Mediterranean countries. QT was chosen because its extract could be used as an additive for animal diets. Most of the studies on the in vitro production of CLA in the ruminal fluid were conducted using fat-enriched diets (30, 31) as substrates in order to highlight and enhance the effects of dietary fatty acids on the biohydrogenation. However, for the present work, we have chosen to study the interaction of tannins with conventional feed as H and a commercial concentrate in order to simulate a common tanniniferous diet offered to animals, and to avoid potential interactions between oil and tannins on rumen micro-organisms.
The type of substrate included in the fermenters strongly affected the net gas development (P,0·0005), being 43·25 ml in the H þ C syringes and 30·67 ml in the H syringes. In the present study, the net gas production was reduced, but only marginally (P¼0·134), by the inclusion of tannins to the fermenters. Some other studies reported that the in vitro gas production was strongly inhibited by QT tannins (32, 33) or Acacia spp. tannins (28) in the BRF. In the present study, when compared with AT or CT, QT tannins had the lower relative inhibitory effect on the gas production. A similar trend was also found for the microbial protein production, thus suggesting that QT tannins have a 'milder' inhibitory effect on the ruminal microbial activity when compared with AT or CT. QT tannins also have low protein precipitation capacity and low activity of these tannins on cellulose digestion, which could be attributed to its branched-chain structure (34) . In the literature, there are no studies comparing the effects of CT, AT and QT on ruminal metabolism in vitro. It has been reported that tannins from Acacia angustissima and Acacia salicina (28) reduced the microbial protein synthesis in BRF or in pure ruminal bacteria strains, respectively. Similarly, it has been reported that the in vitro protein synthesis was reduced by tannins from QT (33) or mimosa (35) when compared with a tannin-free system or PEG-containing fermenters, respectively. The total VFA and propionate production was higher (P¼0·087 and 0·071, respectively) in the fermenters incubated with H þ C than those fermented with H. It is known that lowfibre and high-starch feed, such as concentrate-containing diets, shift ruminal fermentations to high propionate production (36) . Surprisingly, the acetate/propionate ratio was not affected by the type of feed (Table 3 ). However, it should be considered that in the H þ C fermenters, the two feeds were mixed at a ratio of 1:1, and therefore the resulting diet can be considered as less fibrous when compared with the H substrate. Moreover, the fermentation took place for a 12 h period, and this short time was probably insufficient to observe significant differences in the acetate production between the two sets of fermenters (H and H þ C). iso-Butyrate, butyrate, iso-valerate and valerate were found at lower levels in the H fermenters compared with the H þ C fermenters, suggesting that the microbial activity was lower when using H as the only substrate. In the present study, the total VFA production was not affected by the concentration of tannins in the medium. However, iso-butyrate and iso-valerate, which arise from the degradation of feed amino acids by ruminal bacteria (37) , were markedly reduced, in a dose-dependent manner, by the inclusion of tannins in the BRF. This result is in agreement with a previous study on the dose -response effect of tannins (33) . Frutos et al. (32) reported that the total VFA production in vitro was increased when QT tannins were deactivated by the inclusion of PEG in the fermenters and, similarly, Makkar et al. (27) found that QT tannins decreased the VFA production in vitro. The effect of tannins from CT on ruminal fermentation was investigated in vivo (8) , showing that a diet based on CT leaves (tannins 50 g/kg DM) decreased the VFA production and impaired ruminal metabolism in goats. Subsequent in vivo studies on sheep (38) and goats (39) reported that tannins from CT pods or leaves did not affect the VFA production in the rumen compared with animals receiving the same diets but supplemented with PEG.
The branched-chain iso-and anteiso-fatty acids and oddchain fatty acids arise from a peculiar metabolism of ruminal bacteria (for a review, see Vlaeminck et al. (37) ). Among ruminal bacteria, those classified as cellulolytic contain high amounts of iso-and anteiso-fatty acids compared with amylolytic bacteria, while this latter group of micro-organisms contains higher levels of linear odd-chain fatty acids compared with the cellulolytic ones. In the present study, we have found that in the H-containing fermenters, 17 : 0 iso increased by 2-fold and 15 : 0 increased slightly when compared with the H þ C syringes. The major effects on the branched-chain fatty acids were exerted by tannins, which inhibited the production of 15 : 0 iso, 15 : 0 anteiso, 16 : 0 iso and 17 : 0 anteiso; these effects being more evident (P, 0·0005) when H was used as a substrate for the fermentation. This result is consistent with the lower production of iso-valerate and iso-butyrate mentioned previously, as these two VFA are the precursors of branched-chain fatty acids. Therefore, tannins have reduced the production of iso-, anteiso-and odd-chain fatty acids compared with the control fermenters through a reduced activity of ruminal micro-organisms and, especially, of cellulolytic bacteria.
The feed fatty acid composition influenced the fatty acid profile of C18 fatty acids in the fermenters. The higher levels of linoleic and SA in the H þ C fermenters compared with the syringes incubated with H reflect the lipid profile of the two feeds (Table 2) , the H þ C feed being richer in these fatty acids. On the contrary, LNA, which was present at higher amounts in the H, did not differ significantly between the H and the H þ C fermenters, but trans-11,cis-15-C18 : 2, which derives from the biohydrogenation of LNA, was found at higher percentages (P,0·05) in the BRF fermented with H. Also, cis-9,trans-11 CLA was found at higher percentages in the H þ C fermenters compared with those containing H. It is well known that biohydrogenation is enhanced by fibre-rich diets (40) , but in the present study, it seems that the substrate availability (e.g. LA and LNA) had the major influence on the biohydrogenation.
When we have planned the present experiment, we hypothesised that ruminal biohydrogenation could be affected by tannins because of a reduction in the activity of ruminal micro-organisms. The ruminal fatty acid profile (Table 5) shows that the inclusion of tannins in the fermenters did not affect total CLA isomers but increased the accumulation of VA. In the present study, SA was strongly reduced (216 %) by the inclusion of 1·0 mg/ml tannins compared with the tannin-free system. These results suggest that the last step of biohydrogenation, which is the conversion of VA to SA, was affected by tannins to a larger extent compared with the previous reaction, which leads to the formation of CLA. This can also be supported by the accumulation of total trans-18 : 1 fatty acids in the presence of tannins. For the same reason, the higher content of oleic acid þ trans-15-C18 : 1 in the tannin-containing syringes compared with the tannin-free ones could be due to an increased accumulation of trans-15-C18 : 1 rather than to oleic acid. Recent studies have shown that trans-fatty acids arise from the successive isomerisation of cis-9-C18 : 1 operated by ruminal micro-organisms (30) , and they are hydrogenated to SA. It is well known that the rate-limiting step of LA biohydrogenation is the saturation of VA (6) , while Wa˛sovska et al. (12) and Buccioni et al. (41) have shown that the rate of appearance of cis-9,trans-11 CLA from LA in vitro is higher and occurs in shorter time compared with VA and then it reaches a plateau. Probably, if in the present study, the ruminal fatty acid profile was monitored after 6 h (instead of 12 h) of fermentation with tannins, we would have found that the CLA production was inhibited by tannins. This hypothesis is strongly supported by the present results, which clearly show that tannins reduce the CLA production by LA-I (Fig. 2) . Although CLA were synthesised at a lower extent by LA-I in the presence of tannins, the LA-I activity (nmol CLA/mg protein/min) was not affected by tannins because, together with CLA, the microbial proteins in the reaction mixture also decreased. This result suggests that tannins did not interfere with LA-I per se, which is a cell-bound enzyme (3) , but interfered with microbial proliferation, as it is evident from the results on the VFA production and microbial protein concentration, as mentioned previously. Jones et al. (42) have reported that tannins from Onobrychis viciifolia induced morphological changes and reduced the growth in B. fibrisolvens, which is one of the cellulolytic strains mainly involved in ruminal biohydrogenation (3) . In a recent in vivo study (7) , it was found that CLA and VA in the meat of lambs fed tannins from CT were at a lower amount compared with the meat of lambs receiving the same diet but supplemented with PEG. Also, other studies have found that treating flaxseed with QT tannins reduced the biohydrogenation of LNA in vitro (43) . The method developed in the present study for measuring the LA-I activity in the ruminal fluid enables to evaluate the effect of a specific feed or an additive on the ruminal biosynthesis of CLA. However, biohydrogenation is a complex process and the two successive steps, the reduction of CLA to VA and the saturation of VA to SA, need to be accurately monitored as well. By the application of the new method, it was concluded that tannins reduce the biohydrogenation in vitro through an inhibition of the activity of ruminal micro-organisms rather than through an inhibition of the enzyme activity per se. The different steps of the biohydrogenation seem to be influenced by tannins at different rates, the hydrogenation of VA to SA being affected to a larger extent than the conversion of LA to CLA. Further research is needed to study the evolution of biohydrogenation in the presence of tannins at different times of incubation. In vivo studies are needed to better understand if the accumulation of VA caused by tannins could be an effective strategy for increasing the endogenous biosynthesis of CLA in the mammary gland and in the muscle by the action of the enzyme D 9 -desaturase, thus increasing the health value of milk and meat.
